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ABSTRACT  
 
The Canadian Hydraulics Centre of NRC has been working with Transport Canada to put the 
Arctic Ice Regime Shipping System (AIRSS) on a scientific basis. This work is being done 
using empirical data in a pragmatic manner. An extensive database has been developed that 
provides information on vessel damage and non-damage over a wide range of ice and 
environmental conditions. An analysis has been performed with this data to check the current 
definition of the Ice Numeral. It has been found that although the system reasonably well 
reflects the observations, there are numerous instances where the agreement is poor. An 
advanced scheme has been proposed for discussion. This approach takes into account the 
“interaction” aspects of vessels in ice-covered waters. Using this approach, a significant 
improvement in the definition of the Ice Numeral can be achieved.  
 
INTRODUCTION 
 
Navigation in Canadian waters north of 60°N latitude is regulated by the Arctic Shipping 
Pollution Prevention Regulations (ASPPR). These regulations include the Date Table in 
Schedule VIII and the Shipping Safety Control Zones Order, made under the Arctic Waters 
Pollution Prevention Act. Both of these are combined to form the “Zone/Date System” matrix 
that gives entry and exit dates for various ship types and classes. It is based on the premise tha t 
nature consistently follows a regular pattern year after year.  
 
Transport Canada, in consultation with stakeholders, has proposed extensive revisions to the 
Arctic Shipping Pollution Prevention Regulations (ASPPR 1989; Canadian Gazette 1996; 
AIRSS 1996). The changes are designed to reduce the risk of structural damage in ships which 
could lead to the release of pollution into the environment, yet provide the necessary flexibility 
to shipowners by making use of actual ice conditions, as seen by the Master. In this new system 
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an "Ice Regime" is defined as a region of generally consistent ice conditions. The Arctic Ice 
Regime Shipping System (AIRSS) is based on a simple arithmetic calculation that produces an 
“Ice Numeral” that combines the ice regime and the vessel’s ability to navigate safely in that 
region. The Ice Numeral (IN) is based on the quantity of hazardous ice with respect to the 
ASPPR classification of the vessel, and it is calculated from 
 
∑=
i
ii IMCIN       (1) 
 
where Ci = Concentration in tenths of ice type “i”, and IMi = Ice Multiplier for ice type “i” 
(from Table 1). The sum is carried out for all of the ice types present, including open water. 
The values of the Ice Multipliers are adjusted to take into account the decay or ridging of the 
ice by adding or subtracting a correction of 1 to the Multiplier, respectively. The Ice Numeral is 
therefore unique to the particular ice regime and ship operating within its boundaries. 
 
Table 1 Ice Multipliers for each Ship Category 
 
The ASPPR deals with vessels that are designed to operate in severe ice conditions for both 
transit and icebreaking (CAC class) as well as vessels designed to operate in more moderate 
first-year ice conditions (Type vessels). The System determines whether or not a given vessel 
should proceed through that particular ice regime. If the Ice Numeral is negative, the ship is not  
allowed to proceed. However, if the Ice Numeral is zero or positive, the ship is allowed to 
proceed into the ice regime. Due care and attention of the Master, including avoidance of 
hazards, is an important component to the successful application of the Ice Regime System.   
 
 
AES / WMO  Ice  Mult ipl iers  for each Ship Category 
Ice Codes Ice Types Type E Type D Type C Type B Type A CAC 4 CAC 3 
7• or 9• Old / Multi-Year Ice ........ (MY)  -4 -4 -4 -4 -4 -3 -1 
8• Second Year Ice................ (SY)  -4 -4 -4 -4 -3 -2 1 
6 or 4• Thick First Year Ice......... (TFY) > 120 cm -3 -3 -3 -2 -1 1 2 
1• Medium First Year Ice .... (MFY) 70-120 cm -2 -2 -2 -1 1 2 2 
9 Thin First Year Ice - 2nd Stage 50-70 cm -1 -1 1 1 2 2 2 
8 Thin First Year Ice - 1st Stage  30-50 cm -1 -1 1 1 2 2 2 
3 or 5 Grey-White Ice................. (GW) 15-30 cm -1 1 1 1 2 2 2 
4 Grey Ice............................. (G) 10-15 cm 1 2 2 2 2 2 2 
2 
1 
 
ê∆ 
⊕⊕⊕⊕ 
Nilas, Ice Rind 
New Ice.............................. (N) 
Brash (ice fragments < 2 m across) 
Bergy Water 
Open Water 
< 10 cm 
< 10 cm 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
 
 Notes: Decayed Ice:   For the following ice types: MY, SY, TFY, and MFY that are ‘decayed’, add 1 to the Ice Multiplier.  
  Ridged Ice:  For floes of ice that are over 3/10ths ‘Ridged’ and in an overall concentration that is greater than 
6/10ths, subtract 1 from the Ice Multiplier. 
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At the present time, there is only partial application of the ice regime system, exclusively 
outside of the Zone/Date system. Credibility of the new system has wide implications, not only 
for ship safety and pollution prevention, but also in lowering ship insurance rates and providing 
more flexibility for shipping.  Therefore, there is a need to establish a scientific basis for the 
system. To this end, Transport Canada approached the Canadian Hydraulics Centre (CHC) of 
the National Research Council of Canada in Ottawa to assist them in developing a methodology 
for establishing a scientific basis for AIRSS (Timco and Frederking 1996; Timco et al. 1997).  
 
This paper provides an update on the progress made to put the Ice Regime System on a 
scientific basis. It should be noted that although significant progress has been made towards its 
intended goal, the project is not complete. Further discussions and consultations are required to 
complete the project. 
 
CHC ICE REGIMES DATABASE 
 
As part of this work, the CHC developed a very comprehensive database that combines all of 
the key elements in a systematic manner (Timco and Morin 1997, 1998a, 1998b; Timco et al. 
1999). Since the details of the database have been extensively discussed in these references, 
they will not be described here. However, the salient features of the database are: 
§ At the present time, it contains 1125 Events related to occurrences of both damage (191 
Events) and non-damage (934 Events). An Event is described as ship transit through a 
known ice regime. The Events include all relevant information about the transit including 
the vessel characteristics, route, climate, ice conditions and resulting damage (or no 
damage). Note that both damage and non-damage events were included to ensure that the 
analysis has a fair balance between the restrictions to limit damage (i.e. Regulators 
viewpoint) and the ability to travel through ice-covered waters (Operators viewpoint). The 
database is continually being updated with new information;  
§ The database is very comprehensive. Each specific Interaction Event is characterized by 79 
fields that relate to vessel characteristics, route, climate, ice conditions and damage; 
§ The Events cover vessel classes from CAC3 to Type E; 
§ All of the damage Events were categorized according to a Damage Severity Number as 
described below; 
§ Information for the database came from a wide number of sources; 
§ The database contains Events related to 131 different vessels. Care was taken to ensure that 
a large number of vessels were used so that a single vessel would not bias the database;  
§ Bob Gorman of Enfotec and Capt. Peter Dunderdale of Dunderdale & Associates 
independently reviewed the Events in the database; 
§ The CHC database contains several Events that are confidential. Therefore the database is 
not publicly available. 
 
It should be noted that although the present description of the database is very brief, the 
database is very comprehensive. It can be used in numerous ways to verify and/or improve the 
Ice Regime System, and put it on a scientific basis. 
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The damage to the vessels primarily relates to hull deformation or fractures due to impacts with 
ice, damage to propellers or steering gears, vessel immobilization due to pressured- ice 
conditions, and ice overtopping the deck and damaging critical elements. For the present 
purpose, it was necessary to categorize the types of damage, and damage extent, in terms of 
their potential to cause pollution. To quantify the damage in this way, Damage Severity (DS) 
Numbers  were defined as presented in Table 2. It should be noted that this damage description 
is not based on the cost of repair, nor downtime for a vessel. It is based strictly on the pollution 
potential of a particular type of damage. With this definition, Damage Severity of 3, 4 or 5, 
which represent breaching of the hull, have the highest probability for causing pollution. These 
damage events have been termed Potential Pollution Damage (PPD). 
Table 2 List of Damage Severity Numbers  
 
ADEQUANCY OF AIRSS DEFINITION 
 
The database was used to determine if the definition for the Ice Numeral (IN) proposed in the 
ASPPR agrees with documented empirical data. The data was separated according to the 
Damage Severity (DS) Number with the following results: 
Damage Severity (DS) ≥ 3 - These Events represent ship damage situations where there was 
hull fracture or cracking, holes in the hull, or large hull deformations. This category represents 
the damage that could result in pollution (PPD). For an ideal Ice Regime System, all of these 
damage Events should have a negative Ice Numeral. With the ASPPR definition applied to the 
Events in the database, 83% of the PPD damage had a negative Ice Numeral, but 17% had a 
positive Ice Numeral. 
Damage Severity (DS) = 1 or 2 - These Events represent either minor damage, or damage to 
propellers or steering gears, etc. (DS = 2), or high measured stress on the hull in ship trials (DS 
= 1). It could be considered that these Events are the “transition” Events between no damage 
and PPD damage. For an ideal Ice Regime System, these Events should have an Ice Numeral 
close to zero, with an even split of positive and negative Ice Numerals. With the ASPPR 
definition applied to the Events in the database, 51% of the DS = 1,2 Events had a negative Ice 
Numeral, and 49% had a positive Ice Numeral. 
Damage Severity (DS) = 0 - These Events represent no damage Events, where the vessel has 
traversed an ice regime safely without any damage. For an ideal Ice Regime System, these 
Events should all have positive Ice Numerals. With the ASPPR definition applied to the Events 
in the database, 19% of the non-damage Events had a negative Ice Numeral, and 81% had a 
positive Ice Numeral.  
Damage Severity
Number Description
0 No damage
1 High measured stress
2 slight deformation of hull, denting, propeller
3 small puncture or fracture, extensive denting
4 large hole
5 vessel sank
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Thus, although the current definition of the Ice Numeral captures the general desired trend, the 
definition does miss several damage Events, and it does significantly restrict access to 
transportation in situations in which there was no resulting damage.  
 
MODIFICATION TO THE ICE NUMERAL DEFINITION 
 
Improving the definition of the Ice Numeral is not a simple task. Initially, a fundamental 
decision must be made. The existing approach to the Ice Numeral considers the vessel as being 
characterized solely by an “Ice Class”, and the ice regimes to be characterized by a few ice 
properties (see Figure 1). In reality, however, this is not the case. There are several important 
aspects that must be considered, the main one being that the whole process is one of the 
interaction of the ship with the ice regime. Viewed in this way, several other factors come into 
play (see Figure 2). These factors must be considered to improve the definition of the Ice 
Numeral. 
 
Class
type thickness
concentration
roughness
decay
 
 
Figure 1 Illustration of the existing approach for defining the ASPPR Ice Numeral. 
 
 
 
Class
Escort? Maneuverability
Navigation
Equipment
Master’s
Experience
type
concentration
thickness
decay
roughness
 
 
Figure 2    Illustration of the "Interaction" approach for defining the Ice Numeral. This 
approach takes into account more of the realistic and important factors 
affecting ships operating in ice-covered waters. 
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The CHC Ice Regimes Database allows testing of different hypothesis based on actual field 
data. The CHC have used the database to investigate a large number of different combinations 
of factors (Timco and Kubat, 2000). By using an interaction approach with reasonable 
assumptions, the definition of the Ice Numeral was considerably improved. In brief, the 
approach that was used “rewards” high ice class vessels with experienced Ice Navigators 
operating in a prudent manner, and “penalizes” low ice class vessels, especially in the presence 
of multi-year ice. The methodology proposed by Timco and Kubat (2000) is too lengthy to 
explain and report here in detail, and interested readers should contact the authors for a copy of 
the report. To get a sense of the changes being proposed, however, the following bullets 
provide information on the methodology that provided the best improvement to the definition 
for the Ice Numeral: 
§ Ice Multipliers should be defined to be zero at the limit ice type for each vessel; these 
are indicated as the shaded boxes in Table 1. 
§ Ice Multipliers for ice below the limit ice type should be treated equally, and given a 
value of 2. 
§ During the summer months (June 1 to September 30), a value of 10 is added to the Ice 
Numeral, with a few exceptions as noted below. 
§ If the visibility is poor, the summer bonus of increasing the Ice Numeral by 10 would 
not be granted. 
§ Add 5 to the Ice Numeral if the speed is less than 3 knots for the CAC and Type A & B 
vessels (i.e. no reward for low class Type vessels (i.e. Type C, D & E) even if the speed 
is low). 
§ Subtract 5 from the Ice Numeral if Multi-year ice is present and the speed is greater 
than 7 knots (only for Type C, D, & E vessels).    
§ If there is multi-year or glacial ice present in the ice regime in concentrations of 1/10th 
or higher, there is no summer bonus of 10 for Vessels with an ice class of Type C, D & 
E. This restriction would not apply to the Type B vessels and higher class.   
§ Subtract 3 from the Ice Numeral if the Master or Ice Navigator has limited experience in 
ice. 
§ Subtract 1 from the Ice Multipliers for ice floes that are over 3/10s ridged and in an 
overall ice concentration that is greater than 6/10s (i.e. ASPPR condition). 
§ Add 3 to the Ice Numeral if the ice is significantly decayed (probably only in late 
summer). 
§ Add 3 to the Ice Numeral if the floe size is less than 50 m and the ice is not under 
pressure. 
§ Bergy bits (glacial ice) should be considered in the same way as multi-year ice. 
 
With the modifications to account for the interaction approach, a significantly better fit to the 
data was obtained, for both damage and non-damage Events. Figure 3 shows a pie chart 
comparison of the current ASPPR definition and modified definition of the Ice Numeral. It can 
be seen that using the interaction approach, more of the PPD damage Events are captured. 
Using the ASPPR definition, 17% of the PPD Events were missed whereas only 12% were 
missed using the revised definition. Further, a significant number of non-damage Events, which 
previously had a negative Ice Numeral, now have a positive Ice Numeral. Using the ASPPR Ice 
Numeral, passage would have been restricted for non-damage Events for 19% of the database 
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Events. With the revised Ice Numeral, restriction of passage of non-damage Events would have 
only been 7%. In both cases, these are significant improvements. 
 
 
Positive IN 17%
Negative IN 83%
Positive IN 12%
Negative IN 88%
Positive IN 93%
Negative IN 7%
Positive IN 81%
Negative IN 19%
ASPPR
ASPPR
Modified
Modified
 
 
Figure 3 Pie chart comparison showing the improvements made for both PPD damage 
Events (DS≥3) and non-damage Events (DS=0) for the ASPPR and the Modified 
definition of the Ice Numeral. 
 
It is instructive to look at the empirical data as a function of vessel speed to compare the 
ASPPR and the Modified definition of the Ice Numeral. Figure 4 shows the speed versus the 
ASPPR and Modified Ice Numeral for different damage severity numbers. Note that the 
Modified definition gives a significantly larger number of “no damage” Events with a positive 
Ice Numeral. (This is especially obvious in the IN range of –10 to 0). 
 
Figure 5 shows a plot of the speed versus the ASPPR and Modified Ice Numeral for PPD 
damage and no-damage Events for different ice conditions. The data is plotted only for Type 
vessels. Note that both definitions of the Ice Numeral capture the vast majority of PPD Events, 
but the Modified definition has many more no-damage Events with positive Ice Numerals. 
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Figure 4  Plots of vessel speed versus the ASPPR and Modified Ice Numeral for all vessel 
classes. Note that the modified definition captures the PPD Damage and also 
gives positive Ice Numerals to a much larger number of no-damage Events.   
SUMMARY 
 
A significant improvement was made to the definition of the Ice Numeral in the AIRSS by 
taking into account aspects of the ship/ice interaction. The basic methodology has 2 basic 
underlying principles driving it: 
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1. Ship Operators are rewarded when they use a high ice-strengthened vessel (CAC or Type 
A, B) operating with experienced Masters who proceed carefully through difficult ice and 
navigation conditions.  
2. Ship Operators are penalized when they use poor ice-strengthened vessels and less 
experienced personnel. 
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Figure 5 Plot of speed versus the ASPPR and Modified Ice Numeral for Type vessels 
showing the PPD damage Events and no-damage Events for different ice 
conditions. The data is separated for conditions of first-year (FY) ice only, and a 
mix of multi-year and first-year (MY + FY) ice. 
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Work in this area is continuing through discussions with various stakeholders to refine the 
system and to investigate different schemes for implementation. A 1-day Workshop was held in 
Montreal on 10 November 2000 to get feedback from the stakeholders. Further discussions will 
take place to determine the best balance between increased complexity and better fit to 
empirical data.  
 
ACKNOWLEDGEMENTS 
 
The authors would like to thank a number of individuals for helpful comments and discussions 
including V. Santos-Pedro, R. Wolfe, P. Timonin, T. Keane, G. Tousignant, G. Cameron, A. 
Kendrick, N. Denis, B. Wright, and B. Frederking.  
 
REFERENCES  
 
AIRSS 1996. Arctic Ice Regime Shipping System (AIRSS) Standards, Transport Canada, June 
1996, TP 12259E, Ottawa. Ont., Canada. 
 
ASPPR, 1989. Proposals for the Revision of the Arctic Shipping Pollution Prevention 
Regulations. Transport Canada Report TP 9981, Ottawa. Ont., Canada. 
 
Canadian Gazette, 1996. Regulations Amending the Arctic Shipping Pollution Prevention 
Regulations. p 1729, Ottawa, Canada. 
 
Timco, G.W. and Frederking, R.M.W. 1996. A Methodology for Developing a Scientific Basis 
for the Ice Regime System. National Research Council of Canada Report HYD-TR-009, TP-
12789E, Ottawa, Canada. 
 
Timco, G.W., Frederking, R.M.W. and Santos-Pedro, V.M. 1997. A Methodology for 
Developing a Scientific Basis for the Ice Regime System. Proceedings ISOPE’97, Vol II, 
pp 498-503, Honolulu, USA. 
 
Timco, G.W. and Morin, I. 1997. Canadian Ice Regime System Database. National Research 
Council of Canada Report HYD-TR-024, TP 13003E, Ottawa, Canada. 
 
Timco, G.W. and Morin, I. 1998a. Scientific Basis for Ice Regime System: March 1998 
Update. National Research Council of Canada Report HYD-CTR-047, Ottawa, Canada. 
 
Timco, G.W. and Morin, I. 1998b. Canadian Ice Regime System Database. Proceedings 
ISOPE’98, Vol. II, pp 586-591, Montreal, PQ, Canada. 
 
Timco, G.W., Skabova, I. and Morin, I. 1999. Scientific Basis for Ice Regime System: March 
1999 Update. National Research Council of Canada Report HYD-CTR-072, Ottawa, Canada. 
 
Timco, G.W. and Kubat, I. 2000. Scientific Basis for Ice Regime System: March 2000 Update. 
National Research Council of Canada Report HYD-TR-048, Ottawa, Canada. 
